Recent advancements in wireless technology and low power electronics such as micro electromechanical systems (MEMS), have created a surge of technical innovations in the field of energy harvesting. Piezoelectric materials, which operate on vibrations surrounding the system have become highly useful in terms of energy harvesting. Piezoelectricity is the ability to transform mechanical strain energy, mostly vibrations, to electrical energy, which can be used to power devices. This paper will focus on energy harvesting by piezoelectricity and how it can be incorporated into various low power devices and explain the ability of piezoelectric materials to function as self-charging devices that can continuously supply power to a device and will not require any battery for future processes.
Introduction
Innovations in the field of electronics has led to the ever-decreasing size of electronics and the significant reduction in energy consumption. These innovations have also steered the way to the possibility of self-powered electronic devices through implementation of energy harvesting techniques.Exponential growth of wireless electronics, such as smart phones and tablets, has transformed such devices from simple communication platform to possessing advanced computational capabilities,for example sending and receiving mails, taking pictures and videos, and allowing the integration of global positioning system technology in addition to many other functions.
Due to the high functionality of electronic devices, batteries are not always able to meet the demands of these devices on a regular basis.This limitation forces people to frequently charge their devices, as these devices have become basic needs, for communication, entertainment and other uses. On a daily basis, large amounts of useful energy are being wasted, such as the energy from human movement and movement of vehicles.Harvesting this type of energy (energy from human and/or vehicular movement) uses piezoelectric materials,which convert a compressive or tensile strain to a voltage.
1 A way to mitigate or support human desire for fully charged personal devices is to harness their own energy. Materials exist that can harness and release human and vehicular energy for use.
These are piezoelectric materials and generation, and include current applications, such as electric cigarette lighters and gas stove burners, which when activated produces a spark resulting in a flame.Piezoelectric energy originates from an environment surrounding a material. This material utilizes the ambient energy from the environment such as mechanical vibrations and transforms them to useful electrical energy. Piezoelectric materials have uniquely high power densities, which make them suitable for energy harvesting. It is because of their high power densities, compared to other energy sources, such as thermoelectric, electromagnetic, fuel cells and solar cells, which has led to advanced research being conducted in the field of piezoelectricity. Thus making them suitable candidates for energy sources for low power electronics, such as wireless sensing and actuating.Piezoelectric generation is not like other sources of energy, which are intermittent, and can require constant forecasting for example, sources like wind, solar or tidal energy. Piezoelectric generation takes only mechanical factors such as pressure, strain or vibrations into account. These mechanical vibrations translates into power being generated by a piezoelectric material. The magnitude of frequency and strength of vibrations (useful energy harnessed) are directly proportional to the power generated.The only drawback for this type of generation is the low power which is generated.This can be resolved by novel techniques, which capitalize on the maximum power generated by piezoelectricity.This paper will focus on these techniques specifically for macro-scale power generation applications.
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Direct and Converse Piezoelectric Effect Direct Piezoelectric Effect
The ability of a piezoelectric element to convert mechanical energy to electrical energy is defined as the direct piezoelectric effect. When a piezoelectric crystal is deformed by applying mechanical strain or vibrations, an electric charge is produced. The direction of current can be reversed by reversing the direction of pressure applied to the piezoelectric element.
3 (See Figure 1) 
Converse Piezoelectric Effect
When a piezoelectric element transforms electrical energy to mechanical energy, it is called converse piezoelectric effect (see Figure 2) . When an electric field is applied to a piezoelectric element or when an element is subjected to an electric field, it will lead to a deformation in the 
Principles of Generation
When a crystalline material, having the properties of piezoelectricity, undergoes a mechanical deformation such as strain or vibrations an electric voltage is developed across the material. This is due to the asymmetric polarity inside the piezoelectric element. When mechanical strain is applied to a piezoelectric element, opposite charges are induced on either side of the element, resulting in an electrical voltage developed across the element. The voltage is present as long as the material experiences mechanical deformation, and disappears completely once the mechanical strain applied is removed. The amount of voltage produced depends on the amount of strain applied to the element. The magnitude of deformation is directly proportional to the voltage produced.
For proper utilization of piezoelectric generated power, it is best to have better efficiency and storage techniques for the power generated, as the power produced is extremely low. To obtain the maximum power output from piezoelectric power generation, it is necessary to have better storage techniques and methods to increase the efficiency. This paper will not focus on complex technologies, only about the AC-DC circuit followed by the DC-DC converter, which is one of the simplest technologies in generating power from a piezoelectric material.
Standard AC-DC Interface
The standard AC-DC interface is one of the simplest ways to generate electric voltage from a piezoelectric element. The electrical energy supplied by a piezoelectric element is an AC voltage, whereas the battery connected to the element requires a steady DC voltage. To ensure that the electrical circuit has proper compatibility, an AC-DC interface is installed between the piezoelectric element and the battery. The AC-DC interface consists of a bridge rectifier, and a controller. The function of a bridge rectifier is to achieve full-wave rectification. The controller that is installed is generally a DC-DC converter, whose function is to optimize the power being delivered to the battery as well as regulate the voltage, such that the voltage being delivered is suited to the requirements of the battery(see Figure 3) . 6 
DC-DC Converters
The energy produced by a piezoelectric material is low compared to other forms of energy harvesting techniques. The efficiency obtained by the DC-DC converter when used in low power applications is high. Efficiencies can reach the range of 80%-99%. Another unique characteristic of the DC-DC converters are dynamic controlling of power and voltage regulation. 6 
Storage Devices
The energy generated from piezoelectric devices is extremely low, and can be stored in temporary power storage devices such as capacitors or rechargeable batteries. Supercapacitors are being investigated as low power storage devices, as they offer higher energy densities than regular capacitors. Their performances are comparable to that of Lithium-Ion batteries and have better characteristics, such as cycle life (the number of times it can be charged and discharged). There has been less implementation of supercapacitors as energy storage devices. But there can be more to utilization of supercapacitors as storage devices with piezoelectric generation. Piezoelectric generation depends on the amount of mechanical deformation applied on the element for a certain period of time. This led to the development of piezoelectric tiles that generate power from footsteps in places with significant amounts of foot traffic such as shopping malls, airports, train stations, and night clubs. The tiles are designed in such a way that they contain piezoelectric elements underneath the surface, leaving enough room for the materials to undergo mechanical deformation. Upon deformation, potential difference is created, which is converted and stored by an electrical interface. This stored energy can be utilized to power electronic devices.One of the important factors in using this type of electric production is that it is self-generating. It has no external power requirement. Moreover, they have no health risks or hazards. Several nightclubs in Europe have designed dance floors with piezoelectric materials, thereby generating considerable amounts of electricity.
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For example, the nightclub WATT in Rotterdam, Netherlands, is estimated to generate between 2-20 watts of electricity from a single person, depending on their impact with the surface. 9 The East Japan Railway Company in Tokyo was the first to harness energy from foot movement by implementing piezoelectric tiles in railway stations. In 2006, they generated 10,000 watt-seconds per day from a 6 m 2 tile, which is equal to powering a 100 W bulb for 100 seconds. An average person weighing about 60kg can produce 0.1 Watt-second per second. In 2008, the East Japan Railway Company repeated the same experiment, increasing the area from 6m 2 to 90m 2 , with hopes to generate close to 500kWs per second, which is equal to powering a 100 W bulb for 80 minutes. 
Piezoelectric generation from roads
Roads that generate electricity by having vehicles drive over them are innovative ways to implement piezoelectricity for continuous power generation. Piezoelectric materials are embedded in the road, approximately a few centimeters below the surface, such that there is enough compressional strain from traveling vehicles.When a vehicle travels on a road, the vehicle creates compressional stress on the road. This stress deforms the piezoelectric material underneath the surface, and produces energy. To reiterate, the amount of power generated from piezoelectricity depends on the magnitude of strain applied. Typically vehicles are heavy, and the amount of power generated would be significantly higher than the amount of power generated by a human being.Harvesting potential from a one kilometer stretch of a highway (one lane, one way) can produce approximately 250 kWh per hour, when an estimated 20 cars and/or trucks travel over that one kilometer stretch of a highway in one minute.
10 There are many current applications which utilize piezoelectric generation, but most of them are in their test/experimental stages. There is not much faith in the power generated from piezoelectricity. Though through some techniques depicted in the next section we can hope for better prospects for piezoelectric power generation.
Future of Power Harvesting
Piezoelectric power generation makes use of the power that is considered wasted. As it utilizes the power from mechanical movements and strain. If there arises a possibility of increasing the efficiency of the power generated, it is considerable to capitalize on this opportunity. Certain techniques on increasing the power output of piezoelectric power generation are depicted below.
Power generation using Synchronous Switch Harvesting Inductor (SSHI) technique
In the Synchronous Switch Harvesting on Inductor (SSHI) technique, an electronic switching device is placed in parallel and an inductor is connected in series with the piezoelectric element. The schematic representation of this technique is depicted in Figure 4 . The electronic switching device is triggered on the maximum and minimum displacements and the piezoelectric voltage is inverted at these occasions when the switching device is triggered. Through this process,the amount of electrical energy developed increases significantly due to the presence of an inductor which creates a resonance circuit along with the capacitor and increases the maximum output power for any mechanical deformation occurring on the piezoelectric element.
Advantages
There are some advantages to using energy harvesting devices utilizing SSHI technique that are worth noting here.The electrical energy generated by such devices using SSHI technique is found to be anywhere between 250%-600% greater than standard piezo energy harvesting circuits.These systems also optimize the load with the help of DC-DC converters and thereby increasing efficiency of energy generated. Additionally, the inclusion of the SSHI technique decreases the vibrational dis- 
Piezoelectric Nanogenerators
Piezoelectric nanogenerators help convert mechanical strain to electrical energy at the nano-level. Recent developments in this area of nanotechnology have led to improvements in efficiency and durability of materials, including piezoelectric nanowires. Although the energy produced by a single nanowire is insufficient for any practical use, the integration of a large number of these piezoelectric nanowires can lead to a wide range of applications, such as wireless sensors and energy from bodily movements.
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Advantages and applications
The advantages of utilizing nanogenerators is that the energy from mechanical movements, like movement of the body and/or muscle movement can be utilized to generate energy. Even vibrational energy, such as energy from ultrasonic waves and/or acoustic waves can be used to produce power from piezoelectric generation. Also, minuscule bodily functions such as the energy due to the flow of blood, body fluids and/or movement of blood vessels can be made to good use. 
Piezo-Photronics
Piezo-phototronic effect is the ability to modify the carrier properties at the p-n junction (the interface between the negatively and positively charged materials), particularly in photovoltaic cells and/or LEDs, and thereby it increases the performance of these devices. These effects are generally produced by piezoelectric materials, which have semiconductor properties. This material modifies the electronic band present between the positive and negative energy bands. Alteration in the band can significantly increase the rate of recombination, which is required for improving efficiency in photovoltaic cells and LEDs.This could be instrumental in the further advancement of photovoltaic cells, since the output voltage of these photovoltaic cells can be controlled by modifying the potential of the piezoelectric materials.
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Limitations
Although piezoelectricity has its advantages, as noted above, there are certain limitations that prevent its development for commercial use. One of the limitations is the amount of output voltage that is generated from a piezoelectric material. The output voltage is significantly low compared to other forms of energy sources and is not suitable for application on electronic devices on the market currently. Piezoelectric materials can produce a power of high magnitude if the material has a large area of mechanical strain, but an increase in the area can lead to the material being more prone to damage and failure due to its brittleness. Larger surface areas cause more wear on the material due to the large deflection that it undergoes for each mechanical strain. Of importance to note is that not all piezoelectric materials have the inherent properties of piezoelectricity.For certain materials, these properties are brought about by a poling process.The piezoelectric material loses its polarity when subjected to high electric or magnetic field. A piezoelectric material is also temperature dependent. A material will lose its properties of piezoelectricity once the temperature exceeds the Curie temperature. The Curie temperature is the maximum temperature point for any piezoelectric material. The performance and life of piezoelectric materials decreases at high temperatures. Additionally, the possibility of decrease in efficiencies due to mechanical and dielectric losses.
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Though there are limitations which prevent the wide use of piezoelectric generation, those problems can be resolved by techniques depicted in this paper. By this techniques the possibilities of piezoelectric power generation will be more.
Conclusion
Batteries power most portable electronic devices today. They are still the most economical solution for powering micro electromechanical systems, with Lithium-ion having the best energy densities, efficiencies, and charge and discharge rates compared to other batteries. While self-powering devices, powered by photovoltaic cells, exist and have certain advantages such as integration and easy availability of resources, they nonetheless have a high cost and are dependent on sunlight. The potential for vibrational-based energy for applications in electronic devices appears to be of interest, and certainly have the advantage of harnessing ambient energy from its surroundings. The integration and components associated with it is much simpler. Research is being widely conducted to realize the potential of piezoelectric generation in real world applications. The only downside to powering electronic devices is the insufficient amount of charge produced to power them completely. The two areas where developments are required includes: increasing the efficiency of power generated, so that maximum power can be entirely converted from mechanical strain, and increasing the capability of storage for piezoelectric devices. The idea of combining both piezoelectric devices and storage devices has not yet been realized. This can be highly applicable for powering low-powered electronic devices. By this method, the dependence of piezoelectric and battery systems separately would be reduced, and this would increase the life and efficiencies of both systems. The techniques presented in this paper when utilized would help in implementing piezoelectric systems in wide range of applications for realization of self-powering devices.Piezoelectric power generation will play a significant role in the realization of self-powered devices in the near future.
